The ever-increasing production and the usage of hard-tomachine progressive materials are the main cause of continual finding of new ways and methods of machining. One of these ways is the ceramic milling tool, which combines the pros of conventional ceramic cutting materials and pros of conventional coating steel-based insert. These properties allow to improve cutting conditions and so increase the productivity with preserved quality known from conventional tools usage. In this paper, there is made the identification of properties and possibilities of this tool when machining of hard-to-machine materials such as nickel alloys using in airplanes engines. This article is focused on the analysis and evaluation ordinary technological parameters and surface quality, mainly roughness of surface and quality of machined surface and tool wearing.
INTRODUCTION
Machining of hard-to-machine materials requires higher effort in choosing of machine, cutting tool, machining strategy and cutting conditions than in conventional materials [1, 2, 3] . Continual progress of automotive and aviation or aerospace industry, where the demand for mechanical properties of materials is constantly increasing, hard-to-machine materials are being used more and more [1, 4, 5, 6] .
Hard-to-machine materials is presented by wide range of materials. In this group of materials, we can find steels with high strength and hardness, wear resistant such as austenitic steels, but also non-ferrous alloys with high corrosion, heat resistance and strength based on nickel, titanium or cobalt [1, 8, 9, 10] .
Some of these materials are nearly non-machinable, but some of these materials requires just special technological approaches, when their machining is similar like ordinary construction materials.
Setup of suitable cutting condition when machining (such as cutting speed, depth of cutting, feed rate) to minimize the cost of machining at high productivity is limited by number factors such as properties of workpiecemechanical properties of material, shape of workpiece, required accuracy of dimensions, surface quality, etc. Next requirements that need to be met are placed on the construction and power of machine and properties of cutting tool -material, shape of cutting tool and its geometry, surface treatment (coating).
For machining of hard-to-machine materials, it is necessary to choose suitable machines with high strength of construction. Low strength of construction causes the generation of the vibrations, which cause the increase of geometric inaccuracies, wear of cutting tools, etc. The power of machine engine should be suitable for cutting conditions of high-speed machining, especially for roughing operations [2, 11, 12] .
When machining of hard-to-machine materials, there is high mechanical and thermal wearing of cutting tool. On the cutting edge, there is a high abrasion due to contact between cutting tool and machined material. Frequent phenomenon is plastic deformation of cutting edge (Fig.1a) and periodical formation and segregation of builtup edge (Fig. 1b) in machining process [2, 9, 13] . Selection of suitable type of cutting material is an important factor in designing of cutting tools. The most important properties of cutting material include sufficient hardness and wear resistance, also in high temperatures and resistance to physical and chemical effects [7, 14] For machining of hard-to-machine materials, there is recommended following materials with suitable properties such as sintered carbides; cermet; cutting ceramics; synthetic and very hard polycrystalline materials.
If high machine strength is guaranteed, it is possible to apply cutting tools with replaceable cutting inserts when machining hard-to-machine materials. The use of coolant is recommended when application of cutting tools based on sintered carbides, if it is ensured the continuous flow of coolant on cutting edge [11, 15, 16] .
Cutting ceramics is also suitable due to its high hardness. One of its disadvantage is high brittleness and susceptibility to fractures, especially when the cutting tool is used in interrupted cut. This fact is reduced partially by using of improved ceramic material based on zirconium oxide. It has improved weak properties of cutting ceramics, such as increased flexural strength, modules of elasticity, impact resistance etc. Mechanical properties of this material is summarized in the table 1. [7, 14] As we can see in the table 1, used improved ceramics has higher flexural and compressive stress than the ordinary ceramics but lower hardness. Mainly this fact (or parameters) guarantees better mechanical properties of improved ceramics for machining of hard-to-machines materials.
The strength of cutting ceramics decreases at 800°C, but it preserves the very high hardness (for example: comparison with sintered carbides), what is predisposing for usage in various areas of mechanical engineering. Due to these mechanical and physical properties, this material is suitable for cutting tools designed for machining of hardto-machine materials [2, 14, 17] . 2 SETUP OF EXPERIMENT New progressive cutting tools based on this special ceramic allow to design monolithic tools for high productive (high-speed or high-feed) machining. In next section, there is described identification of machining of nickel alloys by monolithic ceramic tools.
We chose two types of nickel alloys (Monel Alloy 400 -according to standard EN 2.4360, and EP 742). First type is one of most used nickel alloys for various applications where is necessary special properties of material ( In the experiments, we used cutting tool with diameter 10mm. There are two types of monolithic ceramic mills designed for nickel alloys and materials with similar mechanical properties. One of them has 4 flutes and second has 6 flutes. In the table 3, there are shown recommended cutting conditions. Experiment was performed by vertical CNC milling machine with 3 axes. This machine is ordinary conventional CNC milling centre which allow to mount special spindlespeeder to increase spindle revolution and so use highproductive machining.
Generally, for ceramic cutting tools, it is recommended to use high cutting speeds due to generate heat, which can soften the machined material. In cutting process, there is not recommended to use any process liquid (to prevent the risk of thermal cracks). The shape of sample and basic movement of milling tool is shown on the figure 2. Based on the manufacturer's recommendations, we chose the tool path to ensure continuous cutting and synchronous machining.
Figure 2. Scheme of movement of milling tool

EVALUATION OF EXPERIMENTS
In the experiments, there were identified roughness of machined surfaces, wearing of cutting tools or visual states of them and visual state of machined surface. All analyses were made for both types of cutting tools separately.
Roughness of surface was measured via three parameters Ra, Rz and Rsk. The Ra parameter is one of most common used parameters for defining of surface roughness. Rz and Rsk parameters can better describe the properties of machined surface and its ability to resist against the outer factors such as contact with counterpart or abrasion resistance and so to preserve dimensions of produced part as long as possible. 
. Comparison of surface roughness -parameter Ra
As we can see on Figure 4 , the values of roughness parameter Ra are also suitable for finished surface. Higher values were after machining of Monel Alloy 400 due to higher ductility of material and lower surface hardness. Generally, roughness parameter Ra was lower when we used cutting tool with 4 flutes and when machined material was EP 742. It can be caused by higher hardness of EP 742 than Monel Alloy 400. For better values of surface roughness after machining by cutting tool with 6 flutes, there is appropriate to improve cutting conditions.
Comparison of roughness parameter Rz has similar results like Ra (Fig 5) . Roughness shows relatively small values, which can be suitable as finished surface, too. 
. Comparison of surface roughness -parameter Rsk
There can be seen slight increase of values from start to end of cutting path. The roughness parameter Rsk (Fig.  6 ), known as asymmetry of surface shows character of surface after machining in form prevailing peaks or depressions. This fact tells about the potential material ability to resist against wear and so as long as possible to keep the dimension of part. In all cases, we obtained acceptable results. Higher values of Rsk parameter can be result of higher plasticity of machined materials. We measured higher values when machining Alloy 400 than when machining EP 742 material. Some abnormalities can be caused by path of milling tool -at the end of path, individual elements of spiral path were very close and so value of ae could be smaller than 1.6 mm. Generally, EP 742 has better results of roughness parameter Rsk, when we machined EP 742 by cutting tool with 6 flutes. After measuring of surface roughness, there was performed visual evaluation of machined surfaces (Fig. 7) . In all cases, the surface character was influenced by the mechanical properties of the machined material and used cutting tool. In case of using of cutting tool with 4 flutes, there was footprints after elastic deformations on the machined surface, especially between two adjacent paths. When machining by cutting tool with 6 flutes has more pronounced traces of cutting tool. The itself footprint of cutting tool was very sharp. These facts are reflected also in surface roughness values. Sharp footprints of cutting tool could cause higher values of roughness parameter Ra and Rz, and vice versa elastic deformations when machining by cutting tool with 4 flutes caused relatively smoother surface and so lower values of roughness parameters. After visual evaluation of machined surface, we can say that number of flutes of milling tool can have significant influence on surface quality in some ways. Roughness parameters after machining by milling tools with 4 flutes are slightly lower then after machining by milling tools with 6 flutes. When machining by milling tool with 4 flutes, there were higher plastic deformations on surface, which is shown on figure 6 (a, c) and when machining by milling tool with 6 flutes, the cut was sharper without visual plastic deformations. In last step of evaluation of experiments, there was visually analysed wear of cutting tools after machining process (Fig. 8) . When machining of Monel Alloy 400, both types of cutting tools didn't show significant signs of wear during and after machining process. On the cutting edge and on the area of flutes of cutting tool, there were adhesively bonded particles of machined material only. It can be assumed potential formation of built-up edge. When machining EP 742 alloy, both types of cutting tool has fatal wearing and they were unable to complete machining process without fatal wear, where cutting edge was totally broken. It is probably result of an overload of mechanical tensile stresses. These stresses can be due to a number of reasons, such as outgoing chip, cutting conditions and also temperature in cutting zone during machining process.
CONCLUSIONS
For machining of hard-to-machine materials, there is necessary to choose suitable cutting machines, tools and right approaches. Using of ceramic monolithic cutting tools moves the borders of machining possibilities to new levels by reducing of production time and increasing the quality of machined parts with keeping their functional properties.
In our experiments, we showed that given cutting tools can be used for machining of nickel alloys and allow to use higher cutting speed and other cutting conditions than conventional machining, mainly when we take into account the fact, that the conventional cutting speed of monolithic milling tools when machining hard-to-machine materials such as nickel or titanium alloys is 5 times lower than we used. All measured data show potency of using monolithic ceramic cutting tools for high productive machining techniques, especially when machining of hardto machine materials, especially in the continuously developing aviation and aerospace industry, where the parts (such as turbines, or other parts of engines) with outstanding functional properties are required.
Final choice of a suitable tool and number of flutes on the milling tool is influenced by several aspects. Milling tool with 4 flutes can obtained better parameters of roughness, but machined surface was marked by significant plastic deformations. Milling tool with 6 flutes has les smooth surface and less noticeable traces of plastic deformation.
Wear on cutting tool was also more acceptable on milling tool with 6 flutes.
Cutting conditions chosen on the basis of the manufacturer's recommendations, has acceptable results for surface quality, but for real application of these cutting tools, it is necessary next improvement such as increasing the life tool. One of the limitations of using ceramic monolithic cutting tools is creation of high temperature during the cutting process (over the 700°C). This must be considered when machining special alloys with low burning temperature such as titanium alloys. In next research, it is necessary to focus on temperature in cutting zone, distribution of residual stress and other quality factors and their impact on surface quality, functional properties of machined parts etc. 
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